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Lfollowing is translation of an article by ierner Feokl puba
1lished in Zeitsehr? “t fur Norpnologie und Ckoleric der Tiore
(Journal for ‘nimal rorphology and Ecology), Vol &k, 1954,
No 4, pp hl2-458.]

A - Introduction

thougn bacteriological investizstions on insacts ars ncarly as old
a3 bzeteriolozy itself -- Pasteur investigated silkworms, follewed later by
detschnikeff and Paillot -« it has remained a little explored field of bio-
losical research., This is all the more surprising since bacteriz in in-
secls as cerriers and hosts play a considerable role in mediczl entomolegy,
in insect and plant pathology and cven in the control of parasites.

The microbiolozical processes in the insect body are still not very
voell kKnowm, ot until Zuchner and his school began the study of bacterial
sywbiosis of a musber of insects did bacteria come a2gain into tho forefront
of biological interests. Althcugh the morphological side of the problem of
symoiosis has been exhaustively illuminated by the intensive work of this
sehool, physioclozieal questions have begun to find a solution only very ro-

contly through the investigations of Aschner, of Glaser, of the school of
aoch, and others.

dowever, Lo nure ¢ulture of syundiontic microbes, in particular that
of the intrceciulcor kind, still encounters great difficulties. The latter
aro absent fos bacieria which live comsensally with insectis,
‘ Since Stwiner and others nula tact symbiosis develops out of commen-
galism, investization of the former is likely to be advanced through the
study of such cosusensals. :

Relatively little is known on the bacteriology of tho homolymph. So
far about 250 different basteria have bcen identified which cocur in &550=
¢lation with insoecis.. This does not include the intracellular symbionts.
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Tho groator part of the zorms oricinciod from tho gastrointostinal tract

but soveral rescorchors have isolatod bacteria also from the blood of both
disoasced as woll as hoalthy insects.

In 1931, Lilly obsorved tha®t the blood of iusca Domestica may contain
Ono or morc speclos of vactoria even undor complotoely normal conditions.,

fo suspacted that this flora of the hemolymph varies qualltatively and quan=-
titatively with the age, nutrition and enviroument.

In 1942, Touwscr and Griffith bred staphylococcus albus from the hemo-
lyzoh of Blatta orientalis and Horms found the same gorin in the blood of
2nyllodiromia gormanica. This finding is in part undorstondable since, ac-
cording to ietalnikov, staphylococcus albus is believed to bo apathogenic
for insects. Cameron frequently found bacteria in the blood of normal
larvae and specifically for Graphiphora triangulum, Gonepteryx rhamni,
Smerinthus ocellatus, Endromis versicolora, Graphiphora agathina, Ennomos
autumnaria. Agrotis ashworthi, Euchloris vernaria and Aproophyta nigra.

In 1934, the same author 3solated several extremely virulent strains of
Bacillus subtilis from the blood and the gastrointestinal tract of the wax
noth. Artificially infected larvce died within 12-24 hours., However, other
strains were showm to bo apathogenic even at very high doses. The larvae
survived the infection but spores persisted for a long time in the bodily
cavities. Cameron also bred Streptococcus galleriae from the bloed and the

gastrointes.cinal tract of larvae of the was moth but this germ was also
shown to be apathogenic.

Several reports on the occurrence of bacteria in the blood of dis-
eased insects are available which go in part back to the time of Pasteur.

For example, Benedek and Specht (1933) found Bacillus megatherium, in
addition to a fungus, in the hemolymph of diseased lecaniids. (ilard and
Billet, Inman, Issatschenko, Henneberg and many others described pathogenic
glowzng of insects through infection with photogenic bacteria (ef. Pfeiffer
and Stammer). Particular mention should here be made of the studies of the
latter on bacterium hemophosphoreum. They were able to induce septicemia
through artificial infection and carry out interesting investigations on the
cause of infection which covered both the behavior of the bacteria as well
as the dofensive reactions of the insect organism., Babers reported on sep-
ticomia proeduced by bacillus cereus in Prodonia cridania, Periplaneta ameri-
cana and Plodia interpunctella. HLowever, the same germ was also isolated
from apparently entirely healthy insects (cf. Steinhaus).

Reports on the bactericlogy of the tracheal system are not available
in literature. We know that the respiratory tract of the higher animals is

even under normal conditions host to germs which may become of importance
under special circumstances.

Since the possible presence of microorganism in the tracheal system
and in the blood is of great significance for many fields of research such
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as he breeding os symblonts from insect organs and in genoral for the
orgin of mory syubioses, it appeared necossary to carry out bactoriolezical
invostlgation on the iracheal system and the hemolymph of diiferent insects.

8 « llethololory

1 = Sterilo Proporctions: Sterile preparation is probably the most diffi-

cult problem in bscteriological work with inseets., Strict obscrvaticn of

sterile conditions 1s difficult already when ivoridns with lorger subjocts

and the preparation of the very swall areas involved in woridng with in-

sects freguontly is not at all simple. Some of ths present buctoriological
| investigations of insects appear to be subjoct to caution in this respect.

i Ir onder to provide for sterile removesent of trachess and honolywmph

: in our experluents, wo found il necessary first to test sevorzl of the cuwue
tomary practices of external disinfection and asepiic preparstion in experia
ments with germ corricrs by means of pellets of cypsus and siliceous oarth
wilch were cozted with diifferent cultures., This showed most of thoe methods
i to be very unreliable. Zven if tho subjects were dipped sovoral times in

} aleohol and sincod, some of the bacteriolozical controls always showed posi-
tive results., Prolonged immersion of the subjects in disinfectants such as
absolute alcchol, hydrozen peroxide, slcoholic solution of chlorznine and

: similar agents proved to be adverse becsuse tho agents diffuse into the

¥ irache20 and dauaged or destroyed any geriss exdisting here. [lorsover, tho
(:) prolonged interval created the risk of infection of the hemolymoh by in-

i testin-l gerums.

Wle found it vost to dip the animal in hot meltcd parafiin, after

: colaning and surface coating with iodine (Notc: I am indebted to Lr. Xeliner
| of the Muremberg Institute of Hyziene for suggesting this procedurs), This

{ s% spores {(waich

-
a= S
Vol

.
-
xills off niost of the surface germs and evon very rosi
: vould probibly also nave recisted any other treatment) were at loast fixed
! and thus kept cway froa the field of operation. The rcerns ol the internal

orzans inecluding thic tracheal system and the hewolyuph did not seem to suf-

fer any essenticl damage if the interval of ismersion was not groatly pro-
longed.
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X
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After killing of the animals with ether, thorough cleaning and disine
fection, they were prepared under sterile conditions. we £irst obtained
specinens of hemolywph and then sections of trachicae =nd prepared cultures.,
then obtaining hemolyuph, care must bo excrcised te provent irjury to tke
trochezo.  In onder Lo semove any adherent homolyaph from the tracheas, tho
latier woro washed several times in sterile water. o presared tae addomen
ventrically for Gryidotalpa and dorsally for Jytiscus and lelolentha. For
i 4215, wo propared the particularly strongly doveloped trachoao of the ar -~
l terior thorax waich terminate in the first pair of stigmata. After cor
| responding preparation, we here obtain tho lymph froa tho abdemen.
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2 - Nutrient iedins: 02 the CdutOdﬂry aubrlent madia, wo utilized tho fol-
lowing: blood plate, azar plate, Loffier plate, Endo plate, colatin plate,
vpotato wedze, neutralrel agar, concentiatod agar, and sta ab cultures of agar
or of geclatin. OJther cultures were prcpared of nutrient bouillen, trypto-
pnane bouillon, nitratec bouillon, agucous peptone and wmilk, Genorally, a
diversifiod serios twas vreparced from the follewring substancos: glucose,
lactose, sacecarose, soliein, maltose, duleito, mannito, yloso, ilore
spocific nedia were nocessary only in some casos. 4As for as >ossiblo, we

utilized "Zra 'o" Dry nutrient mcdia which are cnar wcborized by constant
composition. .. a5 showm to bo favorable to add an insect decoction,
especially to the incubation media. In the preparation of tho nutrient
nedia as woll as in diagnostic staining and the evaluauion of metabolisnm,
srowth and stainability, wo proceeded in accordance witih theo suggestions of

tho "Coumitteo on Tochniques of Bactoriological Inveetlgatloﬂ“ of the Ameri-
can bactoriologists.

3 - Culturo of Bacteria: The plates inoculated with trachease or hemolymph
woro allowed to incubate either at room temperaturs or at 37° in the thormo-
stat until they showed macroscopically plainly visible growth. If tho
colonies appeared uniform under tho plate microscope, a smear was stained
for Gram. If the microscopic picture was also uniform, fresh plates or
oolique agar tubes wore then inoculated by transfer. Ilixed cultures were

soparated either by smears on plates or by the modified Kock effusion pro-
ceduro.

4 - Detormination of Pure Cultures: Pure cultures were deotermined in ac-
cordance with "Bergey's Manual" and "Bacteriological Diagnostics” by Leh-
mann-Newnann. As far as possible, we followed the more recent American
publication. However, it was frequently not possible to follow the very
rigid scheme of Bergey, especially in regard to the metabolic and physio-
logic characteristics of the incubated strains. Numerous variants mani-
fested themselves so that it was necessary occasionally to draw primarily
on the morphological characteristics also preferred by Lehmann-Neumann.

C - Our Ovmn Bacteriological Investigation

I. Hemolymoh and Tracheae

1l - Gryllotalpa: 100 animals were investigated with the technique indicated.
Bacteria could bo culturally demonstrated in the tracheae of 40 gryllotalpae.
For 13 of these aninals, a positive finding was also noted for the hemo-
lymph. In one single animal, a positive finding was shown for the hemo-
lyuph (cf. Table 1 and 2) although the tracheal finding was negative.
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Taoblo 2 . s ]
Gorit “r-cheno Lvynhggq Tocval Surfiace : =
|
S B Rt T Y TP 7x 1o+ 2% 1T o +
JeCillus COrGUSeeasanessee | Sx | - |- 2z - ]
Zacillus me atioritleesee SR - - i + ]
£acillus nesoniericibeeses 7%, - - 7% + :
22011105 M COLECIeannnnnes | 10x i wid o> S B I N RS T
Daciilus 5uotiliSenssanses | 15 R 5%, To. i 20x ? + Z
! + S
Srelllus vulzabtuSeeesesans Ly o o+ - - | - .
Coryncuvactoriv: helvolii,. 7~ i T x | + - 1
Corynobacteriw: twiescons., 2x 1ot - - - ]
Zochoriciia COlleesvesanss Lx | ++ - - + 3
sderococcus candicanSeeeee 7= | ++ 2x | to. ox *
' ++
sderococcus flaVuSeessssses 2x } + - - 2x 5 -
ilicrococcus pyogenes var, | .
albus...-...--.....-n.. 6x ‘ ++ <N + ’ 8:: Il +
LACIOCOGCUS VAriiNSeesssss 5x o, X | To. 7 i +
T =+ i :
Protous VUlZariSecesscsnas 2 | - - - 2x: | - :
O Sa.rci.na db&oco-coo-o.o-qu 5:': i ++ - - 5:{ i + ,
SaI‘Cina lute:'-QIODOOOOOQIOQ lx | ++ - Ld lx | - '\
Grand Totalco;--onocoobuoo 92x ‘{ l?x 1 109:{ ‘; ,
‘ ' ;
+== vory fov; + = few; ++ = average; +H = numsrcus. |
]
The indications "average', "numorous" etec, a5 a measurc of bacterial 5
incidence are ouviously very rolative. It is scarcely psossibit to obtain .
hereo exact quantiitative indications., Since szears wore always obtained i
from several soctions of tracheas and/or specimens of hemolymph, I caleou- :
lated the averagze value per smear and established the following evaluation: '
-1 colonles = vory little; 1l-2 colonies = little; 2-5 colonics = average; i
5 c¢colonies and over = nunerous. |
In trachece treated with bacterial stains, it was occasionally pos- %
sible to demonsirate rods, cocei and spores. Tho incidence was always very :
minor (as already stated, such cultural indications as “avorage" or "nume :
e¢rous" are very reclative). In general, the chitinized trachoae probably ;
present most unfavorsvlo media for germs so that they wouse perhaops mostly :
interazcdicte stagos (c.z. spores), :
g wes to be oippecled, separate investigation of tho sirons anterior b
! ard the fine postorior soctions of tho tracheae showed that tae large '
! iracheal branches contoin appreciably more bacteria than the delicate rami-
i fications. ]
O
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Goxn | Tesghare ] I-m15h A T
. , | '= |
23ci1lus H05euieriCUSesesrrenoernens | OX - Ix | + I
;':‘.cjll‘\.ls "l:/'colc-lou...oc.ot--cc-coonoo- 3:': -0, * - ' - l 3.".
5363L1Us S5UVLIliSesscvcovonsnne nese ! o to, 2x 1+ | 9
Corymebacteriug siinloieeeasssorennan s + - - Sx
-.A.:WOD:Lcteriw-l difﬁxsw'd--.- ssassssae e 5:\' + - IE - 5:{
cderococcus flovuSeeesesvosssnosannsss | Ui + S 3x
LACrococcus pPYosones Vare clbUSeeeee. | JX + - | - 3%
P“OUeuS Vul arlS.I.IDODDOQIQQCQ.'OOQU 6. -°-+ had | - 6)(
D..I‘c:.naltea-......n..-.-.......... ~ + l:: i o uX
Grand Totaleeeveesosooscsnnnasossccss %x{ bx | 5Cx
b) 4 total o:‘ L0 animals was tested in ihis scric-_.. Thairvy-two
saowod posi\.no findings froa tracheal cultures. Six of the adimals showe

findings for both tracheze and hexolyriph,

positive but tuo tracheae remained nogative (

In ono caso tho

ho.moly.aph was

table 1 and &,

Table &
COITH Tr-chene roTh | Tornl

;'CClllu.S CCIClCeevesnsnssesases

b
= [ EXT R 2 T Lo T X i*o. 1:):{
ozcillus .iQ"".t:"C lw-’c..vllllotcoi‘on 1= = - I - -.X
Jﬁcilluu 1u.a(::"\,.x_l.CJ.S.....----...-... 6:‘: ++ - i - 6X
22CillUs HuDUiliSeesevrarsoennrannnees | 23X T x| 0+ G
Cixrcaons clerin: lanlidnWieeceseesenes | 2% + - 1 - 2
uu\,..Url\u. ‘-\Jq-'v--.-l---oouoooocyo- 5:: T - | - 5.‘{
FiavoDACLeriti PHCtNUSeensennvesenes | 23 | =0.F - - 2x
S1CTOCOCTLE ThilVileeevernvnennsansens | NG i+ N Ox
<ACrocoCcus I UICROS Vir. alDUuSessces X, 2n 1+ 9x
P36UA0MON S0 fALCADCY i ie vesnennennes | LT + - . 2
Sareina CJ.::.----;-;.A.o-.‘ooo-o"--n- 11x |t tott+r ' - ]{ - 11x
!
Grand Totalouvlioo-loloooQt.ttcCIII.C 59}: , '.:.': ; 552(
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L= neinons ey Jmong s totld ef §osubjects investisited, 2
snowca Lastoria in vracheao and hemolivida and in 5 ealy the trachoas voro
positive (tadle 1 aad 5).
TC\‘DlO 5 :
B —— - -
ot __Traghong Loh ronnl
1 H
Sacillus OS0NLOTACUS e rssvenerennsns = iy - ‘ - 1 -
Chiromodactoriit VAOLlzuCUWivessresness | o i+ - 1 - 2
GLCTOCOCCUS CrntllCillSe e saenennnevas | i + - | - 3
.lerococcus pyoenos Var. aurcll.e.. | 2x Tt O 4
: i 2
,  +Aderocotcus VArXiilsesssssssessevese % + - | = 1l :
Vlbrlo la.\; s.Clon-'-oc-'-'------nno x + - ! - 1
Gramd 'J.Otal............--........... 10x Ix 12 -

4 o Aois :ic)lificas o investigated threo zroups.

.

N . - - s A e e s . .
a, desltihyr Zees: e testoa 1CC subjeets, Touwad bactoria fionm the

trachoao in &3 @ siL .ultaneousl_,' in the nenolymph in & of tho lottoer.

ne -
O suvjoct was positive for Lemolyiiph and nogative for tracicco (teble 1 and
3)

T rd N
Table O g

@

[ nviron=
o Irocien . ;4 aot-l rient

I | L
ACLANOIYCC S ssnasnnesnsssssnannnresel Ox 1 ¥ - b PR -
Bucillus Gl'v'oinnn-ol-.olo.--nulotno' l.:'. ‘y + - ! - l.:\‘ - :
5ac1llus 1eSCNteriCUSeveseaoasnranss| G2 | T - | = 3x .
HL~Clllu° :;n.coidosvootoo------o-.ooo- 9): [ 22X I| + 11> -
3acillis SuDLIliGesavevsesevncoanses| 13X ! + 2x =1 1% - ?
Sacteriwi Prodigioslicesssessesseses| 20 1 7 o 1o 2% . !
~ACrOCOCCUS LULCUSsesasrasssasnsasee| LOX | * v 17z i
WACI0COCSUS LULCU ieesenseenncncsans C:{ | ++ 1 I + 9:‘ - ‘
HICTOCOCEUS PYOSLLL S Var. aloUSesses| G 1 0F x L+ 2 - :
ACrocoCtUs riliatUSesvsvesreonsvses Zx | + - ! - Zx . !
Protcus adrabiliceeeceesesesasensnce [ B - | = = -
F50LAGH0HAS JIUURCSCCNS e saververnes | i = | = | - S -
5&1‘\::‘..]].1 L‘.C‘J’ul"ckn--onnooco'o-.v-'- lc“' : + - - lC':: - :
J.:-.I‘Cl.“.& "‘l:lucn.ocolc-.onoo..oo.ococ ::: | + ~ % - 5:': -
Jarcina l&uca......-.-...........n. C’.’h T - P 9:: -
arand ¢Otﬁlo-uootog-.oc.n------ooo.- 10l : ?}: I 106}:

1 1

-l - :




Soodnation of tho bactoria con tno swrlface ol tiie boc uroiuced tho
Tinains alroady oblaincd by walve thau thero is a relative abscnco of gornms
RV

ol a relative monotony of the curface flora cifists.  Whlte fouwnd only 3
shceios {bacillus &, I, cyancus, and ticrococcus C) on nenlthy adhlt boes

of nowrasl hives. This apprreat abconcc of bactorda is mows thrn remarkablo

since tho body of %Zho bee is pracileally nrodestined Lo cnryy rowaign
balios (e.c. »ollea). Further investization will be nccesscry to deter-
JAe whiobther o rolavion cxists €0 tiie pactorial dnhibitors ol boc nhoncy

obsorved by LCold. “he surface flora ol the bee was nol further analyzed.

towover, the Sactoriwa cycnowt observed by Whito was net found by us.

b) lite-infected Bees: Amonz'l00 subjects investizated, cultural

investization producsd bacteria from tihe trachoae 83 times cnd from the
houolymph 18 tines (table 1 and 7). :

Tovle 7
Environ-
Germ Tracheae Lynwon Total | ment .

".ctinOnWCOS...............o‘..u. 2:': + X + 33{ +
Acrobactar cloaCaBesessvcnsncasnse 5}: ++ ‘- o X -
22¢311uS 2lVCiecesccoscscsssscss | O8X +o,4++ 2z | + 10x +
Bacillus mesonteriCuSseescseccess| 5% + R 5% +
Bacillus nycoidCSecesssesssscsss | 11X -t x| 15x +
32021105 SUDLILiSecesssasscecces | 9% | +ro, &+ | Ax | + 13x +
Bacterium prodifioSiM.essseesees | Ux ++ 1 | ++ 5% +
Eschorichia COlieeeccoscscsscsss | 23 | o+ | 1x | + 3% -
ss.erococcus flaVuSeceseccsscsses | 10X + 2x | + 1l2x +
HAicrococcus JutouUSesesseccssosese 2x + - - 2% +
rroteus mirabilis............... 2x ++ - - 2x -
Pscudomonas flUOroSCeNS.eesceess | 4x | troott | 1x | +F 5% - +
Sarcina aurantiaCaeesesscssscsss | 5X + 1z | + 6x +
Sarcina £lavaeesscescecescssscee 57: + 2x + i 7x +
Sarcina luteaoo.oooooooo'ooooooo 2x + - - 2:': +

troptococcus faecaliSeeeeseccsee | 9x ++ 3x |4+ 12x +
Streptococcus liquefacionSeeeees x| ot 2x | + Cbx +
Grand Totaleecescccscscessosenne 89x 24 . 113x

¢) Flicht-disabled boos without mites: Ye have oxploited the resulis
frez 50 subjects originating from infected hives and unable to £1y but not
showing any mitos in the trachecae. Positive findings for the tracheae were
madeo in &3 casos and 3 of the same cases also showed bactoeria in the hemo-
lyzph (table 1 and 8).



{ ’ | Znvircae

: Goim b Pion-l | ey
b i

! | |

! ACULNOIY CE eesrorssesnanasscannesvnse ] - - i EE } T
: ;SCilluS ClVbil‘Q--l------oo-voo--u- -~ ; -;’ FO ! -
: 3ac1llus HosenterictSe e senesessasees | o - 0 -1 I -
! 52€illus RYC0idCoieataarnnasanensaas | 7l o et Al
i 22c111US SUDLIliSecaesenevaseanannns | it ; + - . - b +
{ Sactoriwa prodlsioSWiseessernesenens | 53 ) T e ) - -
% ilerococcul ITulcUSseennsesasscsesans ' o - - +
! -2Crococeus PyOJees Vare aluiSea., [ R : +
E Proteus Lirabilicieecseesenasoncaes b Lo = -
{ P5Cudononas {luorasCtilSeeseesrsnsass po T 5= +
i Sarcing £loVieessssseresccsonncnovns SR - - 3% @
' Stroptococcus liguclacionsSeesessenas | 201 =0.F Lo} or 3 -

Gra.nd Total-ooo---co-o'o.o'n--o---.. ‘IY\’.):': i ?:: ‘i 53:':
! 1

Anens 848 inscets investizated, the P
and dosermzinel: ACULI0 TS (Gy S0 Az ¢ (s
Seciilus alvei (g, 4z, a3): Bacillus corcds (G, “2,, Zaeillus mojatheriua
<:) (a, uﬁ). Sacillus niesontericus; Bacillus nesentoricus (3, [n, Soe Dy Aoy
AB) Bacillus nycoides (3, e Ay B2, A3 ; 3o2cillus s;bti%?s (5, H;, w2, .
“1' A2y d}), Seeillus valzatus (S); Zacteriun Drodlu*os;: (“1s 420 u3);

omobacteriwa ianthinwi (<i»); Chromodacteriua (J;; Coryncbacteriwa
helvolum (J); Cormaba torius simplex (11): Corynebacterium - micscens (G);

poaie)

Cscacerichia coll (u, “2, AZ" flavooa cbcL;ua Ziffusan \“l) . Lavooactoeriwn

ren.as (H,J. dcrococcus candicans (G, D); derecoesus flovas (G, 4, 2
nj. “2), racr ococ*us lutous (xl. Ao, 2<,, .iderococeus oyrozenes var. albus

J; icrococcus pyozehes var. aureus (3), hlcr0ﬂoccus
rococcus varians (5, JJ; Froteus mirsbilis (;, e A2 A3
Proteus vulgaris (G, .y Rseuiouona< fluo*escens (Aq, “2, Az); Foeudouonas
rmildeaberzii (ip); Sarcina alba (G, . ,-d,, Sarcina uuranu:.aca ! o)

.".l, u.2
Sarcina flhva (“1. L2, &o;, Sarcina lutea (G, My, A1, Az); Streptococcus

faccalis (4;); :reptococczs llquefac*ens (4z, AB) Vibrio liquefaciens (D).

2

(a, <l .A% “l’ 2

rzdiatus

L" i

The letters in parentheses indicate the subjects in vwhich the germs
wero found and tiieir abbreviations stond for: G = Gryllotalpa; iy = ““ololon-
tana of serics 1; wip = melolontha of sordes 2; v = wytiscus marginclis; nl =

healthy beo; Ap = mite-infoected Lee; AB = flight~disablezd bees without tra-
checl mitec.

II - pz»nenience of Trachcal Flora on Cioton

o

Considering tho biotope of Gryllotalpa, typical scil ger.ss were to be
expecied, It would vo po cal iur if the respiratory systes
Ath

rs an inssct con-
tinually movinz in soil 1 high germ content would z¢ oterile., Especially

e

e s et et =




since tho trachenc nust be regarded as on

on oxternzl environment disnlace
tr:c“u\u "lor“ vordes qualit-tively i qu

o e bt i o 0 o il

towcrd tho intev*or <Tho
tively for eacun capture

L
e
»  Any dezree of constancy could wob bo dctormined
and an entirely ““fclcat cosposition nay result Iro. roncuved investiz.-
tions.

A large part of tne ins Ceondned oriminsted froa vho well fer-
tilized beds of the Sotanical Sardens. i ordor Lo « Zino the sorm cone
tont of the corrcsponding area of Lal o, GOLL 5o 'S UOMC procurci
atv a dopth of ztout 10-15 cenoizewer he nwoer of Aatermined
by seans of ailution and effusion rreculurss. It caowited o about
250,000,000 por zras ol so;l. Sb shovld remaisber here Thal such a pro-
cedure furnishcs only a partizl rocoult

- Vv ve

Cidae

H

ke e

Wle demonstrated individually 3a
cereus, 8. Jdesentericus, zZacteriwa or
silerococei and scrcicsce os well
‘ gerws were obiained il insects wero rad.
fore havinc been cloaned (Table 2, colw.

y Je nucolias, 3.

ous wlhidte and colored
« -pprovdinotely the sane
s the anutricat mediws be-
C

In ordor to test the difference with the zerms of the oir i
i laboratory, air-plates were set out in the workirg spacc. ‘o then found
' in particular vhite m. colored mdcrococci, sarcinae, prinaxily .za.rc:ma
£lsva, once :zicroccecus pyog. bar. albus, once bacillus slesentericus as
(:) well as a2 non-colored rod-shaped bacteriwi. ilost of tacse Jorms had not
been found at all or only to a minor extent in tho soil.

The variety of tracheal flora therefors corresponis it
soil flora, Fractically all isolated microorganisms rapres
ard generally ubiquitous air and soil germs.

that ol the
nted typical

OO

The Tindings obtained with gryllotalpze correspond cniirely 10 tlhuse
obtained frosm otaer insects. It was always possible to incubate a great
nuriber of bocteria {rauw the tracheae and, for individual cases, also geras
fron the reaolymph. & particular ceonstancy in the composition of ths
trachieal or the homolynph flora was not found. Composition varied depond-
ing on and witnh thoe biotope. This was very marked in the series ¢f melo-
lontha wilch originated from different localities,

The findinzs foxr healthy bees also corresponded entirely to those
Just discussed,

ZTi = Rolotion of Tracheal Flora to that of

the Herolnmon

hs slrcciy mentioned, several authors (Cameron, Lilly, Faillot, and
othirs, vers avle to incubate becieria from tho hwiolymnh of appar cntlj
coz.lotely hoalihy insects. The orizin of these micro-organisis and the

rozson for such a tolorance of the insects are still cpcn quostions,

e e et bt ot
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ovtained throus: rite-indected

E In roaluihy bees, hemolyrphatic zerms are rolatively in
¢ <

couent ace
dinz to owr ovservations. The rosulis Irom nite-inocited LLCS WOrs
&

IR L TN AT P18 Y

The bee mite (Acarapis wooldi) is mowm to be locnted primarily in :
tho especizlly stron;ly dovelopod trichoszs of the anterdlor thoran wiilch ;
terminate in the first pair of stizmata. The mite focds on the dlood of '
the bee which i1t ingests after puncturing the treacheal wall. 'ith the :
injury to the trachece, blood penctrates into the latter, coazulotes and !
foriis torzether iith the defecation of the mite freguently on citended crust.
It seeued nost likely that this will also resuli in bacleriolozical cone
sequences.

P

O

[P

If wve coupare our findings froa healthy bees with those of
infected bees, it is shown that the incidence in the tracheaze is zlways
much greater for the latter. The qualitative composition of the trachezl
flora also varies with ‘nfection by mites. There then predominate protec-

lytes and/or saprophytes (in part pure fecal bacteriz) and in part even P
strongly bee-pathozenic ge™as.

rive~-

bt o T et

i

; Zven umore striking are resulis for the hemolymph, The nuiber of ine :
' 1 sects with bacteris in the hemolyupn is three times greater with mite in- :
i foction than the same nusber for healthy Lees. The couposition of the s
i
t

hemoly=phatic flora here varied in the same sense as that of the tracheal
flora so that the interrelation betueon the two here is especially notable.,
Zspoeially for tae nito-infected boes, the concept of an interrelaiion be-

tween the bacteria of the trachieae offected and the hemolymph offers no :

_ difficuliies. It is 2lso understarndazlle that infection of the tracheas ;

E WiTh 5dTtes and in particulcorly the Iormaation of a crust leads to a qualita- D i

! iive and guantivative change of the bacterial {lora. P3 :
: R |
I/ = Zxmeriments on Yrechco-l Tafecuion bz

we now intended zlso to experimentally demonstrate the infociion of L i :

e tracheae whrousn the environmont., For this purpose, e placed tho ine H :

q sects in containers wiich hed been contaminated with Zacillus Hegatherium 2 :

% and staphyloceceus albus (micrococcus pyozenes var. alous,. In SOme casos, 3 i

I O 3 z
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we alse coniamincted the surface of the inceets, by aveidin: the stizuata,
with tho gerus wiich could be easaly isclated by means of eclective modia.
After tno insects hiad remained for sceveral doys in tho comloiners, they
were proparod in customary mannor and samples froa the trachecs and tae
hanolymph werce transforred to 3ouillon culiwres. ~fter a briel rorioed of
incusation, one-rsii of thse nubtrileni solution was rdxed with liquifiod
nutrient esar containing 10 sodiwt chloride (electivo mcdiws for staphylo-
ccceus albus) and formed into plates.

Tho other half was heated in the autoclave wnd for-ed into plates
tozether with tho nutrient arar containing 509 dextrose (olective medium
for bacillus mezathoriwa).

Wo first tested 12 zryllot:zlpae in this manimer. The in
naiiied three days in the infected coatainers. The resull is
m,

Table 9.

Tavle 9§
Tracienc Tam1ah
HJumper of Insects { !
Staphy- | Staony- t
lococecl | Zaclilli locosei ! Zagilli

]
3 0 o ¢ ‘ o
2 + 1 T 0 +
1 + + - l 0
5 + + 0 | ¢
1 0 + o l ¢
12 8x 9 1x i 2z

The expeorinment was repeated with 20 healthy bees wrich romained for
five days in tnc infocted contziners. ({ef. Tavle 10). Table 11 shows the
findings obtainod with 20 nite-infected beos.

Table 10

| Trachcne L-raoh
Nuwnber of Insects \ i

Staphy~ Stanuy-

locozei Eacilld locogch danilli
) 0 0 0] | 0
< + + 0 +
i C + o) +
N o + Y | 0
< & G 0 ; ¢
2 o} + o 10

20 lix ‘ cx b4 ! 2




W

Tohle LL

ol

Jraciune LyDa -
i Lunoer of Iascels
: Stenny- \‘ Stongy - ‘
i lococei | Zneilli locoged ' Pacilli
s : ;
: > o ¢ ¢ 1
i S + [ + + | +
! S + ! - ¢ ! o
] 5 o .+ o 1 0
i ale 1w 17 G l dx
t H

This clearly snowed that cavironmenisl jerms had accoss to the
tracheae and that the possibility of i fnfection of tho henolymvh by way

of tho tracueac also exisis, :

NN

D - Discussion of Tindinrs '

IU anoull nuob we surorising tact fungi do net naile @ ~posrance in

our ianvestizations., For example, in the alnwost neutrsl rezcilon of the :
garden soil, the bacterial flora is kmowm to predodnate by for. iorcover,

(:) we utilize pure bactericl nutrient nmedia with an 2lkaline rocction uiereas
funzi prefer an acid riliew. Furtieriiore, the incuobation plate iras observed

for an only relatively short poriod (which is sufficiont for bacteria) and
ary possible individual molds could not be differentiated Lroe other im-
puritios. In a vacteriolozical investigatioa of the tracheal system, the
colizatory anacrobos could evidenily be oexcluded a priori which zpprecizbly
facilitated tho orocedure. Ve alsc completely disrezarded the obligatory !
autotrophic snecies, i.e., germs wnich proliferzte only on nuiricnt nmedia
witaout any orzanically bonded nitrogein. For the same reason, we omitted
a demonstration of speclies of virus, rickettesiae, etc.

t 1s likely thet fewer actinonycctes were demonstrated than would
corrospond to their quantitative occurrsnce. In the opinion of mony autnors
(Lieske, Hieyer, Rippel), they foin the main coaporent of the microflora of
the soil. iowever, Deczuse of their very slow growth, they apvezr on the
culture plates only after a long interval. As plready indicated zbove, we
genorally Gid nov observe the saue vlate that lonz. The isolated actinonmy-
cetes werc inttially ~reen, werc Tirm: and britile and firaly intozrated
with the nutrient nediwi, They chowed a charccicrisiic smell of soil and
stronz Lewolysis. after saome tise, thoy hald a
mearance, Tncoy ware nroobadly actinomyces odorifer or & closcly related i
i Cro=organisi.

The present investizations wmay be considercd .3 navin: confirned that .
neae of the insects practicilly clways contoin gernc. Jao tracheal :

o, - '
[V TR o LLTAN SIS0, -

acY
! Lalgetlion ds actually provably alweys 1000 and wne nmesativo Jindinzs are :

O
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crobadbly duc to the coreful disinfeelion. Tho in
tose 15 o5 curdiking =5 it is evident. Since tac vl
tains may aiflcront jermas, the trachesl flora is 2
viricgateds  This interrelaticn was very plain for gryllotrl;
vardiecgation ol the gora Iflora of tho soil is iaievma,  Wao latior comsti-
tutecs an oikrescly non-hoaogenuocus mediwa in uhilelr eonditicns camnge cone

stantly not only with depth but even at the saie level., uyy aincral par-
t7 le of a diffcreat ldnd eroats now cavirvoaicntal conditions. Jay inscet

Ly L
particlo can form: an alkaline microzone of changed reaction Jus to tue for-
matdion of zmncaia. Ploces ef collulese o lignine noy 5idilt reaction to-
ward acld and croote changed nutritionzl conditiens. In the samo way,
living plaat roois 1oy lead wo oiher contitions (Aipnel-laldes). leasurea
monts wWith adcero-ncthols aave conscquently suown different f-ion concentra~
tions for difforont soil cempone:nts, For tio insects Iroa weds of tie wow-
taiieal gardon, hwnan intervention is noticcable in the forn of manurc.
Jfler the addition of casily dececnposing crjponic substances, we mow that
ospecially thoe boeterdz deconposing protein wid carbonlrirates inmerecse
wiich ¢an be reozarded so-to-speaic as "dgy laborers! (C
typiczl represcutative of this group

Tho
is bacillus ryecides.  arwalaann has
investigated toe distribation of the latuor at Lijh cliiwudes waere aanured
ard non-nanuwred soils offen occur in close vieinmiiy. In a sinilar wnanner,
beeteriws coli is the predominant for: in walter contomneesd by fecol nat-
ter and dees not prosper in pure walor mid non~contailnclel seil. The
secsonally ond the climatically cenditioned variciion of thc ricroorzanisa
content of the soil nicy also play & winor role in such investizations (for
exaileo, the microorganism content of the soil runs parcilcl to the product
of tomperature ord moisture). Similar circuustances zre fcund in tho en-
vironsent of the other insects investigated,

t is wore difficult to understand tie occurronce of vbacteria in the

- -k
newolymph, althouch this has been frogquently observed cnd is provolby nod
rusual in insecis. dander is of the opinion that actually orly the mouth
cmn ve considered the mezns of access since the swriace is cozied by an
iupenetrable cover of chitine. The saue is the case with the iracheae so
that the gorms cannot onter by way of the laterzl rospiratory cportures.

Tauber found stapaylococcus albus as a pathozenic gerw in the hewso-
Lugh and also occupied himself with lue proolem of the path of infecion
Sy microorzanicms in the blood. e is of the opinion thalt the insect Coue.
into contact witk infected animals after shedding of the siin wien the ex
skeleton is vory soft and vulnerable. 4t that time tho bactoeria are able
to penoetrate tlie deoliczte sikin actively or enter tiic body throurh snall
eracks in the suriccc.

Pleiffor and Stawior were not able to produce dnfection witih bacterium
hexmophosphorcw: by Jeeding and also asswaed izt iafection takes :tlace
tirougn an injury of tae skin, of the intostlic or by insect vites. How-

ever, sucn injuries moy occur proovasly even sworc casily for tue dciicate
trachease s$0 thal the latter must also be ccacidcrcd as a source of ‘mfcciica.

- 15 -
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; ynat insoct biies i especially o trociecl porisitisu con ilcad Lo infoc-
; tion is pl;i:xly saoumn oy tho rosulis of tho investizatlons ol rilce -
. inductod Goos
sinco Caacron, Lilly, ad otiers o well as owrcelves ofien found in- 7
reoved anscces, such infcetions do SO0 seen To Do emegptions. Wal lnoect s
: or anise alnoleatly ecucs rolatdvely Iveguently ia very close comvact w‘»‘x B
tho geras of 1ts caviromw.cat whiieh moy e:xplain tae roecisioicd of thouo ine
' seets agalnst s bacterial. It appears ontiroly possidlic vhat a symiblo-
] 5is nay develop oubl of suehr a resisiriice o coawwonsdd joras, Siuilar cire
: 1o v

cu: s\,a.. ces any 3_11\.0‘:\;‘. 16 herc viiici lcad Lo Joriation ol sy.wionvie

gewis in tae iavestinal Ilova tn.'cugl. tae natwesl ponudation of tho ine
\.G‘Jull".u oy wio sora of tao Jood ing cdw... L JUeihor prostess Oof Yhe
_

mutual ...uL‘..Ju. Li0n DeTINEEN 1ACYO--
sakes available .ycobonxis (e

...;.‘.ro-o.‘_';.m...,-‘.‘... thae laglter zpperently

. Stwmer for details). Jaiher investiga- 2
tions in this cirection would cpgoor to be dosiravle. :

-~

ust ol courso ue
i Atk .:;cc*.;“" iho
eding of syabloatss In bacteriological wiorw with L :, ¢zae rust be
sercised not to casage or injure not only tue i,ntcsw“e c.:. intestinal
procosses but clso the trachioae. I gowmss oxre to te lacuonted {rom orjans,
the gera convent of thoe blood wust ba token dnt 4ccou;1t. IV is rocoue :
mengea in =y event in sucn cases to 2lso incubate sgocliions of henolyaph
O :.n:‘. o wash tho organs tiorouzily in sterilc wator che $0ssibly cven Lo
iisinfect tacu. Uhe probaoility of incubating ciiironcous semis for the in-
ects is very nign. Soue cllezedly incubatved syiiionts pre

sy rodably represent
mercly extr.neous Zoras transplanted to tho culture even wava cuploying very
caroiul tecmlqa.cu. Very strict reguircements are hera neccssary in view
of authors lixe Scaenderl who have recently vrod so-called "symbdionts®
a great variety of oninal and plant tissues. cSuch requircaents siould
covc* beth erperimental tcchniques as well as interprotation. Germs grow-
inz on geoneral nutriont media should be rezarded es*oec:."l.LJ skepn \.J.Cally.

Acecoriing %o Stawier, ihe followiny reguireaents must veo satisficd for coie- -
Ifircation of a noew syuidlosis.

The bacterial coatent of truchoac g .u..lol...n.. r
“kon into account Jor b.octericloical worl ' inscs

[ il

e 0

(3] f—'

AT

from

womomstravion ol tho wa 1;on..gt,/ of the occurrcnce ol the sy.bionts at

differentc dovelopimental stzzes of tne host, .._1ozrlc:.;e oi the noroholeogy -
: and the chanje of forn of the symvdionts on the basis of microblolozgical .
i sta
L}

- .n.m.r; methads end denonstration of the {yne of traicsler of tro
1

Lo thc prog 53 L5 2 single criterion, the bacterial cudiure is a much too
ca.plicatca provlel. s .04};,' statel, it 1oy Lo difficult W‘or certain
circuwisv :ru.es to eiclude ortranoous gsoras aad, oa ..pe other hand, many
syrolonts can not bo bred with the custosary bacteriolozical motaods. Jor :
Guoonsiration of tho identity of tho incubsted bacteria with tho symbiont, :
sarolozical methodls caa ve employod thich has booa pointed out by Gubler

,’ and Keller. ‘

symidionts

+

e e =
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~ R I L T, Ca . O L A v -
L80 LOATL0S e )0.4 on J;.C':-.I..'LG..UU.'.C.J. LUVOISOLDANAONRS L av tracheal
EysLesl and wac .clolyani of voricus insects s Uil ooy on erporisicnial ina-
Fectdone Juo wesides iy bo cuwsariccd as folloss,

[£]

ontain bacteric wilen e gonerally

S oposdation wdin onvircamentodl gelas ¢an o

weatally,

<

e Tho noudlpicn Lizy also convain bacteria wiilowl ouccrvoole dise
CaSe S§y.iv0.s in tac ingect.

Lo The bacterizl content of trochese and hoaclyanh is increascd wien
ihe trachcac 2o infected with dorasitic mites.

5. n latermcolation secus to exdsts betison o vooutciia of Ua
tr:-.cho;e end ol e heaolyiaph which is manifested esne cio_uy clearly in :
ragchesl varasitisag \..1\.1‘0w tio geras fowd in tas Leool oo r;ll

do not suow any cloar interrolaticn with thosc of thc intesiin ;_‘1. rlor(..

6. The particular simaificance of tho dacterial content of trachoao
(:) and hemolywpi for rosearch on syidiosis is pointed out in coaclusien.
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